Purpose: To evaluate the changes of latency and amplitudes of pattern-reversal visual evoked potentials (PRVEP) in patients with proliferative diabetic retinopathy after panretinal photocoagulation (PRP). Methods: PRVEP was recorded in 21 eyes of 21 patients with proliferative diabetic retinopathy prior to, 1 week after every sessions of laser therapy and 1.5 months after the final treatment. Results were compared between pre and post laser treatment sessions in the study group and paired t-test was used for statistical analysis. Results: The P100 amplitude showed a significant difference among all treatment sessions with a decreasing trend in the study group after PRP (P<0.001). Also, P100 latency evaluation showed a significant increase after PRP in the study group in all post-PRP sessions (P<0.05). However, 1.5 months after laser treatment, an increase in amplitudes (P<0.001) and a decrease in latencies (P<0.001) of PRVEP were observed and the magnitudes of the parameters approximately returned to their baseline values. Conclusion: Although decreasing changes in the amplitude and increasing changes in the latency of PRVEP were observed after laser treatment in proliferative diabetic retinopathy patients, one and a half months after the completion of laser therapy, partial recovery of these parameters values was observed.
Introduction
According to the World Health Organization, the global prevalence of diabetes among adults over 18 years of age has risen from 4.7% in 1980 to 8.5% in 2014 and by 2030 about 438 million people will be affected by diabetes mellitus; however, diabetes can be treated and its consequences can be prevented or delayed by the use of proper diet, physical activity and regular screening. 1, 2 Diabetes can have different effects on different parts of the visual system. One of these changes can be visual disturbances due to vascular and metabolic defects that can affect the retina and the visual pathway. 3 These abnormalities can cause changes in the ganglionic and preganglionic elements of the retina and macular region. In addition, neural conduction may be delayed along post-retinal central visual pathways. 4 Diabetic retinopathy is one of the major complications of diabetes and is the main cause of blindness and visual impairment throughout the world. 5 The progression of retinopathy leads to the formation of new vessels in the retina and causes proliferative diabetic retinopathy, so neovascularization occurs in diabetic retinopathy in response to retinal ischemia and new vessels may grow on optical discs or elsewhere. Since the blood vessels are abnormal, they can flow into the retina and affect the patient's vision. To prevent the growth of abnormal new vessels, bleeding in the retina and other parts of the eye and severe vision loss, a standard treatment method called panretinal photocoagulation (PRP) is used. 6 In a 2014 survey, 98% of the retina specialists reported using PRP for initial proliferative diabetic retinopathy management in the absence of diabetic macular edema. 7 Also, the usage of intravitreal pharmacologic agents in diabetic macular edema treatment reduces the risk of diabetic retinopathy worsening and increases the chance of improvement. 8 Unfortunately, a third of patients have an incomplete response to anti-VEGF therapy, but the best second-line therapy in these patients remains unknown. 9 The visual evoked potential is an objective and non-invasive method that expresses a mass bioelectrical response from the visual cortex to a specific visual stimulus, so abnormal visual evoked potential responses observed in diabetic retinopathy indicate a general involvement of the visual system or of one of its composing structures and this test is used to evaluate ocular health from macula to cortex. 10, 11 Because the visual evoked potential response is mainly due to the macular region, so the changes that occur due to retinopathy and post-PRP in this region will affect the visual evoked potential components. Therefore, the visual evoked potential is a suitable technique for evaluating these changes.
In this study, the amplitude and latency of P100 wave of visual evoked potential were compared between preand post-PRP in the study group to find the retinal and visual pathway functional changes due to retinopathy and photocoagulation.
Materials and methods Subjects
Twenty-one proliferative diabetic retinopathy patients according to guidelines for DR issued by the American Academy of Ophthalmology 12 with the mean value of HbA1C of 9.58±0.80 (range from 8.30 to 11.40) and with approximately the same intensity in retinal involvement were selected according to high resolution spectral-domain optical coherence tomography (SD-OCT, Spectralis, Heidelberg Engineering, Heidelberg, Germany) as a study group.
All patients underwent a complete ophthalmological examination including measurement of best-corrected visual acuity in 6 m with a Snellen E chart (LED visual chart projector, LC-13, MEDIZ Inc., City, Korea), slitlamp biomicroscopy (BM 900, Haag-Streit, Bern, Switzerland) using a Volk 90D lens (Volk Optical, Mentor, Ohio, USA), fundus photography with high-resolution spectral-domain optical coherence tomography (SD-OCT, Spectralis, Heidelberg Engineering, Heidelberg, Germany) and fluorescein angiography (HRA II Heidelberg, Heidelberg, Germany) for evaluating the DR.
Subjects with any history of previous treatments for diabetic retinopathy including surgery and laser therapy, BCVA of 20/200 and worse, any type of significant opacity, any ocular disease other than diabetic retinopathy that may change the visual evoked potential responses, preand post-PRP significant macular edema (all sessions of treatment) and any history of systemic diseases other than diabetes were excluded. It is necessary to note that in this study, the screening process for evaluation of diabetic macular edema in 1 week after each laser therapy session with high-resolution SD-OCT (Spectralis, Heidelberg Engineering, Heidelberg, Germany) and fluorescein angiography (HRA II Heidelberg, Heidelberg, Germany) was performed and patients with macular edema were excluded to avoid a possible change in visual evoked potential components.
The study was undertaken in compliance with the Helsinki Declaration and a written informed consent from patients was obtained before enrollment.
Panretinal photocoagulation
PRP was carried out by Ellex Integre Duo Photocoagulator (Mawson Lakes, SA, Australia) by one of the authors (Hassan Khojasteh). Thirty minutes before the start of the laser therapy, a 1% tropicamide drop was applied 3 times at a time interval of 5 mins for pupil dilation. Also, 15 mins before the start of laser therapy, a 0.5% tetracaine drop was applied 2 times at a time interval of 5 mins for corneal anesthesia. After the pupil dilation and corneal anesthesia, a wide field contact lens (Volk SuperQuad 160 Panfundus lens, Volk Co., Mentor, OH, USA) with 1% methylcellulose gel, to prevent possible damage, was applied to the cornea.
All patients received PRP with a power setting of 250 to 500 mW, the spot size of 500 μm and a pulse duration of 0.1 s in three steps with a 1-week time interval. Also, an average of 350 to 400 spots was used in every session of laser therapy in each eye. Visual evoked potentials
The pattern-reversal visual evoked potential (PRVEP) test was performed using the Metrovision MonPack 3 vision monitoring system (Metrovision, Lille, France), before and after the laser treatment. At first, the patient was seated at a distance of 1 m from the pattern-shift screen. The patterned checkerboard stimuli with contrast 80% and mean luminance 50 cd/m 2 in a reversal rate of two reversals per second were used to elicit the standard PRVEP. In order to assess the function of each eye, according to the International Society for Clinical Electrophysiology of Vision standard, the visual stimuli were presented monocularly. Before placing the electrodes, the areas of the patient's scalp were completely cleaned to put the electrodes. Then, the gold cup electrodes were placed on the related areas according to the international 10/20 electrode system, ie, the active electrode on the scalp over the visual cortex at Oz, the reference electrode at Fz and the ground electrode on the left ear, were placed.
Once the electrode was correctly positioned and the patient was properly positioned from the screen, the test was started. The monitor displayed pattern reversal checkerboard with check size of 1 degree (60 mins of arc), amplification 2000 times and band-pass filters of 1-100 Hz. The values of the P100 amplitude and latency of visual evoked potential were studied at angular dimension 60´of the stimulus. These results were compared among the three sessions of laser therapy and before and after PRP.
Data analysis
Statistical analysis was performed using software SPSS 21.0 for Windows (SPSS Inc., Chicago, IL, USA). Paired t-test was used to compare the P100 amplitude and latency among three sessions of laser therapy, pre-and post-PRP and pre and 1.5 months after final treatment.
All data were expressed as mean difference±SD and accepted as statistically significant if P<0.05.
Results
Twenty-one patients with proliferative diabetic retinopathy (13 males and 8 females) with an average age of 57.6±10.3 years were selected from participating patients in the study. Table 1 shows the mean and standard deviation of amplitudes and latencies of the P100 components of the PRVEP before and after PRP in 21 proliferative diabetic retinopathy eyes in the form of the study group.
According to the results summarized in Table 1 , amplitude changes in the study group at different sessions compared to the pre-treatment session and also each session compared to the previous one showed a decrease change, in a way that all of these changes were statistically significant (P<0.001). In addition, the results of P100 latencies showed a statistically significant increase during laser therapy sessions (from the first session to the third session of laser therapy) in the affected eye (P<0.001). However, 1.5 months after the completion of PRP treatment, an increase in amplitude and a decrease in latency of the P100 component of the PRVEP were observed (P<0.001).
In addition, the mean percentage difference of different sessions with each other is shown in Table 2 , indicating a decrease in the amplitude and an increase in latency of P100 component of PRVEP during the treatment sessions (from the first session to the third session of laser therapy). The changes in the parameters of VEP after one and a half months after the final treatment showed an increase in amplitude and a reduction in latency of the P100 wave (P<0.001).
Discussion
Based on the results of the present study, the P100 amplitudes after the first laser treatment session showed an approximate decrease of 7.6%, which continued with a decrease of approximately 6.3% and 6.5% after the second and third sessions of laser therapy, respectively. However, an increase in the P100 wave amplitude with an approximate magnitude of 6.8% was observed in one and a half months after the final laser therapy session, indicating the partial recovery of the visual pathway and primary visual cortex functions.
In the P100 latency analysis, one of the most diagnostic visual evoked potential parameters, P100 wave latency changes showed an increasing trend after laser therapy in the study groups so that after first, second and third laser therapy sessions, an approximate increase of 2.7%, 2.6% and 3.3% of the corresponding wave in latency was occurred, respectively. Also, the evaluation of the amplitudes and latencies of P100 component of PRVEP test in the pre-treatment and 1.5 months after the final treatment showed that the lower difference between the pre-treatment and the 1.5-month post-treatment period in the latency compared to the amplitude parameter. In fact, the amplitudes as well as latency following PRP recovered, but there was greater recovery with latency. This can be because of that in the clinical practice, latency delay and interocular differences in latency of the P100 wave are seen as more sensitive and reliable indicators of dysfunction in the visual pathway than amplitude changes. 13 Due to diffuse peripheral polyneuropathy, metabolic and vascular factors affecting peripheral nerves in diabetic retinopathy, 14, 15 the purposeful destruction of a significant fraction of the photoreceptors, as well as other more superficial retinal layers and retinal scaring following PRP, 16, 17 the possible neural conduction delay in the visual pathway can cause a delay in the visual evoked potential latencies as observed in results of the present study. However, after one and a half months of completion of laser therapy, a decrease of approximately 1.7% in the latency of P100 component of PRVEP test was observed. The argument that cortical "plasticity" or "reorganization" occurs after focal retinal laser lesions hinge on the crucial observation that the cortex is initially silent and then regains responsiveness. In fact, delayed cortical recovery after laser lesions is related to retinal healing 18 as it was seen in the current study after 1.5 months of the completion of laser therapy.
Few studies have investigated the effect of PRP laser in proliferative diabetic retinopathy patients on visual evoked potential parameters. Shenoy et al 19 assessed PRVEP parameters prior to and 4 weeks after PRP in patients with uncontrolled diabetes mellitus and reported a significant decrease in VEP amplitudes in 48% and increase in latency in 75% of eyes. Consistent with Shenoy's 19 study, reduction in P100 amplitude and delay in P100 latency was observed in the patients with proliferative diabetic retinopathy in the current study. However, the relative recovery of P100 amplitude and latency were observed after 1.5 months of final laser therapy. Perhaps the reason for the differences in the results of these two studies is related to the number of patients, the method of measuring VEP parameters, the laser treatment method and the duration of the evaluation after the PRP. In fact, most studies have assessed the changes of visual evoked potential components in diabetes without any medical intervention in eye structures or even prior to the onset of vascular abnormalities. The results of various studies about changes in visual evoked potential components due to diabetes pointed to a delay in latency, especially P100 wave, in patients with different types of diabetes, as well as with or without retinopathy. [20] [21] [22] [23] [24] [25] In fact, the high variability of P100 latency changes ranging from 9% to 77% were found in these studies. However, in the present study, changes in PRVEP parameters after laser therapy were evaluated and, contrary to the mentioned studies, changes were not only considered in diabetes but in all of the patient's therapeutic procedures including three laser therapy sessions.
In a study conducted by Gottlob et al, 26 a significant decrease in the PRVEP amplitude was observed 1 day after laser therapy, although latency changes were not significant. While the results of the present study indicated a decrease in the amplitude of the PRVEP after PRP and in this respect, it was consistent with the results of the Gottlob's 26 study, but after laser therapy, also an increase in latency was observed, which was not found in the Gottlob's 26 study results. Probably the reason for the differences is related to the different duration of evaluation of VEP parameters in the two studies, which was evaluated 1 week and 1 day after the treatment in the present and Gottlob's 23 studies, respectively. In addition, Öner et al 27 found no significant reduction in the amplitudes and latencies of PVER test in the first-month recordings. Contrary to the results of Öner's 27 study, the results of the current study reported a decrease in amplitude and an increase in latency of P100 component of PRVEP during the laser treatment process. This unaffected results of PRVEP might be due to the timing of the tests or due to the technique of the PRP application which might minimize the damage to the retina. Some studies have suggested that these changes are due to neural damage in ganglion cells and nerve fiber layers of the retina, especially in patients with proliferative diabetic retinopathy. 14, 15 In addition, the PRP plays an important role in the visual evoked potential components changes. Matsubara et al 15 showed that the effects of PRP on the levels of cytochrome oxidase (CO), Zif268, synaptophysin and growth-associated protein 43 (GAP-43) in the primary visual cortex of adult monkeys could result in metabolic activity changes and redistribution of neurochemicals in the visual cortex. These changes result in an anomalous visual functional loss that alters the visual evoked potential components and can also explain the degradation of a currently damaged visual system that was mentioned in the present study. It should also be taken into account that PRP by using argon lasers can further stabilize peripheral retinal lesions, and, therefore, the central retinal changes after PRP may also continue, which in turn can cause changes in visual evoked potential components. 28 Conclusion PRP in diabetic retinopathy patients may effect on the function of the visual cortex and cause changes in PRVEP parameters. However, over time, retinal healing after laser therapy can occur and ultimately the partial recovery of visual pathway can be possible.
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